Nansaenens of i Royal Society of 8 dyst. (1995), 11901). 1-28.

A REVIEW OF LATERITE STUDIES IN SOUTHERN SOUTH AUSTRALIA

by ROBERT P. BOURMANY
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Studics of Luerite 1 southern South Australia are reviewe o throw light on (he nature of Taterite. its genests,
classification, iy relationships o substrate: materials ynd constraming sedimients, its use as o morpha-stratigraphic
marker and palacoclinulic mdicator, its relationships o deep weathering. and the tming of lateritisalon. Evolving
views of luterite as s rock unit. as an irom-rich horizon and as-a weathering product are truced idnd processes
attributed w laterie formation viz,, capillarity, lesching. combinations of waler tahle movenients, leaching and
capillarity, wetting and drying processes, weathering transformations of materials rich i ferrous iron. and ay
3 [acustrine deposit are assessed, Fundamentas fo thearies ol laterite penesis are the roles of relative and ahysolute
accumulation of tron and wuninium minerals,

In southern South Australis interpretitions of Lindscape evolution have depended heavily on reeognition of
purts of an ariginal normal kerite profile. consisting of o pallid, bleached some successively averlain by a mottled
sone and laterite, a ferruginous andior aluminous crust. This profile has been associled with formation on y
peneplun surface under ¢ humid, but seasonally dry, tropical climale. The possible preservation of a pristine
Juterile surfave of great anhyguity inthe modern landseape on uplifted peneplains has been entertained by some
workers, but questioned by others. Alierpatives 11 (s approach are provided by straigraphic inyestigations of
pulvgenetic profiles. and o continual weathering model of laicrite formation that results in lateral Variability in
the distribution of pallid, mottled and laterite matertls ond surface mitally with irregulir pography. Interpretations
of lateritised lundscipes include differential dissection ol a complete Tuterite profile on an uplifted peneplain surface,
mulieyelic landscapes suceessively lalentised and the fprmation and laeritisation of gh level surtaces during dplift.

Lvidence of laterite formation under non-tmpicil condibions questions the climate-laterite correlation as does
the lack of reliable minerals iy elimatic indicators of laertsation. Furthermore, the recognition of laleritisation
oceursing thraughour the Mesozoic and Cainozote restricts the usefulness of Tlerite us o palacoctiniatic and morpho-
stratigraphic marker,

Ky Worps: laterite, lawerite profiles.  ferricrere, polygenetic profiles, peneplaims, deep weathering,

palieachmane mdicators, multicyclic landscapes, morpho-stratgraphic markers

Introduction

There s @ long history of research on materials called

laterite in South Australia. The general distribation of

luteritic malerials in southern South Australia is shown
in Fig I Specifically, these materials include
ferruginous and aluminous crusts. vanably described
as Cortstemn’, Cferruginons  duticrust (Lang  1963),
‘durierust’ (Woolnough 1927), “ironstone’ (Teale 1918),
‘ironstone cappings’ (Scgnit 1937), “indurated zones'
Sronstone  gravels” (Prescotl 1931) and “ferricrete’
(Firman 19674; Bourman 1969': Milnes ¢f al, 1985),

* School of Human and Enviropmental Sciences, Liniversity
of South Australie, Holhrooks Road, Underdale, South
Anstrala, 5032

I Botkman, ROP(1969) Landiorm Studies near Victoy
Hurbour. B.A. (tHons) thesis, The University of Adelaide
tunpubl ).

weathered bedrock, sediments and sails, variably
lerruginised, mattled and/or bleached. This paper
summarises and critically  comments on  these
definitions. Issues addressed include the diversity of
inlerpretations concerning the nature of laterie,
processes of laterite development, laterite profiles, the
topographic and  climatic  requirements  [or ity
fommation. its age, and reconstructions of. and
interpretations drawn (rom, lalenne landscapes.

The term laterite’ has been in the scientific literature
since the publication of Buchanan (1807). David (1887)
discussed the origin ol laterite in the New England
district of New South Wales. but did 50 wilhout
reference o Buchanans work, and the term did net
appear in the South Australian literature unfil more than
100 years after its first usage (Teale 1918). Nevertheless.
features. subsequently regarded as  laterite were
discussed by early workers under labels such as Desert
Sandstone” (Woolnough 1927) and “Upland Mioceney'
{Tale 1879).



[

With few exceptions, the majority of investigators
n South Australia have followed the view that laterite
formed as a result of intense chemical weathering in
a seasonally dry tropical climate on a peneplain
surface, lurgely during the Tertiary. These conditions
favoured the development of a lakeritc profile
comprising a lesched sandy A-herizon successively
underlain by laterite. a mottled zone and a palhd zone
resting on unweathered bedrock (Fig.2). Generally, the
present discontinuous distribution of these materials
has been ascribed to differential erosion following
tectonic uplift of the peneplain.

ROBERT P. BOURMAN

Definition of lateritc

Larerite as a rock unir

Earlv studies of laterite in southern Scuth Australia
were undertaken by geologists, who considered laterite
to be 4 rack or sedimentary unit and equated it with
‘Desert Sandstone” (silerete) or with terrestrial deposits
referred to as ‘Upland Miocenes” For example, Tate
(1879, p. lix) regarded ‘evenly-bedded sandrock,
mottled clayey sands and ironstone conglomerates’,
occupying flat-topped localities in the Adelaide foothills
and within the ranges as “Uplund Miocenes. He
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Fig. 1. Map showing the localines of lateritic areas in southern South Australia referred to in the text.

Fig. 1A. (Opposite page). Inset in Figure .
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Fig, 2. Sketch of the pedogenic model of the normal ur
standard laterite profile incorporating a sundy. hleached A
haorizon dbove a ltenite horizon, sucéessively underliin by
companion materials of motded and bleached bedrock
(Slephens 1946). considered o have developed on 2
peneplain under humid ropical conditions,

congidered thent w be correlative bou with lerrestrial
clays overlying fossiliferous limestone at Adelaide and
Tertinry terrestrial sediments bordering the ML Loty
Ruanges. Later work has demonstrated that these
sediments vary in age from Pleistocene to Eocene.
Furthermore, the limestone exposed in Adelaide s now
known lo be Late Pliocene (1Ludbrook 1980) rather than
Miocene as assumed by Tate.

The Desert Sandstone in northern South Australid,
currently known as silcrete, was interpreted by Tate
(1879) 45 an extensive lacustrine deposit contemporary
with river gravels and sands of the Upland Miocenes.
Thus silcrete and laterite were noi distinguished and
they were both considered to be sediments or rocks.
Whereas Tate (1879) equated sediments within the
tanges and on their flanks as Upland Miocenes, Benson
(1906) separated them into two groups, with an oldes
Miocene series capping hills and a younger series
flanking the western escarpment of the Mt Lofty
Ringes.

More recent papers have also considered laterite to
be @ rouk unit. For example, Major & Vitols (1973,
p. 46) deseribed laterite on Kangaroo Island as a
‘massive rock composed ol pebble-sized pisolites of
maghemite and limomite and fine-grained quartz sand
cemented by limomite' This crust, up © 1 m thick, was
overlain by white, fine-grained quanz sand and
underlain hy mottled yellow and red clay or rocks of
the weathered Kanmantoo Group metasediments. The
crust occurred as boulders where ripped up by ploughs
and loose pisolites, mixed with white or yellow sand,
were recorded on the margins of the inland plateau.

T BourNe, J A (1973) Chronology of denudation uf
Northern Eyre Peninsula. M_A_ thesis, The University of
Adelaide tanpubl,).

Larerite as an ivon-rich horizon

Many geological studies have heen concerned with
laterite in anly a very incidental fashion, dnd almost
any jron-rich horizon has been regarded as laterite (e.p,
Glaessner 1953a. Olliver 1964). At various locations
within and an the margins of the Mt Lolly Ranges,
Tertiary sediments, variably weathered and
ferruginised, have been reported o cantain latente. For
example, at Happy Valley, Olliver (1964) described a
sequence of Eocene marine Blanche Point Marls and
North Maslin Sands overlain by Pliocene freshwater
sands and clays capped and preserved by a lateritic
horizon at aboul 200 m above sea level. The laterie
consisted of @ bapd of ron-impregnated  sandy
sediment. Similar occutrences were doscribed i many
sand quarries in Tertiary sands in the Adelaide region
by Harris & Olliver (1964) and Olliver & Weir (1967).

Larerite as a weathering pradict

The association ol lsteritic crusts with weathering
profiles (Walther 1889; Macluren 1906) was infroduced
1w Australian studies by Sumpson (1912) and Walther
(1915). They espoused the view that laterite formed as
iron 4nd dluminiom  oxide effloresences were
transported in solution from the water 1able by
capillarity. Walther (1915) assigned the ferm ‘laferite’
to the complete profile,

However, laterite in South Australia has most
commonly been considered to be an indurated
ferruginous horizon in a weathering profile (Stephens
1946; Hallsworth & Costin 1953; Connah & Hubble
1960), which is quile different from Lhe original laleriie,
described by Buchanan (1807) as a low-level
sedimentary deposit consisting of massive, unstratified
iron-rich clay material, full of cavities and pores, which
hardened once cut into blocks and exposed to |he
atrmosphere.

Ling (1965) followed Hallsworth & Costin (1953),
restricting the term ‘laterite’ to crusts associated with
well-differentigted profiles apparently formed by in situ
relative accumulation of iron oxides, ‘Ortstein” was used
by Lang (1965) ta describe crusts develpped by laterally
denved absolute accumulations. Where oristein eristy
formed above weathered profiles and simulated in vire
weathering profiles they were called duricrusts’ Lang
considered that laterites on the oldest surfaces were
only occasionally developed from anaterials
recognisable in the pallid zone, and he assumed it
a discontinuous layer of Tertiary sediments overlay
older rocks throughout the bareritic area. Maud (1972)
also considered that only soils containing ironstones
overlying mottled and pallid zones should be regarded
as laterites. This definition has sometimes been
ascribed the descriptor true laterte (e.z. Bourne
19747,
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Claysificatrian of larerire

There has. been little attempt to classity lateritic
matenals m South Australia. Teale (1918) used the term
‘ironstone’ (o describe ferruginous matenials. which
were noted to affect all materials except alluvium. They
were  categorised into four main types: loose,
concretionary gravels in deposits up to 1 m thick, iron-
cemenled sands and gravels, ferruginised slates and
quartzites, and lateritic ironstone forming hard sheets.

Laterite was categorised by Forrest (19694) as "fossil
or relict’, which referred to the complete normal laterie
profile, ‘truncated. where the upper horizon was
absent. "immalure’, where the percentiage ol iron in the
cupping was low and the underlying bedrock was only
partially weathered, ‘derived’, when the capping had

P ForeesT, G L (1969) Geomorphoelogical evolution of the
Bremer Valley. B.A. Hons thesis, The University ol
Adelaide (unpubl.).

1 BoUurMaN, R. P (1989) Investigations of ferricretes and
weathered zones 1n parts of southern and southeasicrn
Australia - A reassessment of the faterite concept. PhuD, -
thesis, The Umversity ol Adelaide (unpubl. ),

. am T

Fig. 3. Strongly mottled zone with a crude vertical orientation in Precambrian bedrock south of Kapunda in the Mid North.
Mottles (dominantly hematitic) and adjacent bleached zones display a pronounced vertical orientation. There is no overlying
laterile crust.

been derived from the reworking of higher crusts and
where this reworked capping rested an weathered
bedrock, and ‘terricrete’ where an iron-rich crust
incorporated partially-rounded quartz pebbles and
overlay fresh hedrock.

The use of the term “ferricrete’. coined by Lumplugh
(1902) 10 deseribe a ferruginous conglomerate, has been
extended to apply to all iron-cemented and indurated
continuous horizons and crusts in preference (o laterite
by some workers (e.g. Milnes er al. 1985. Bourman
19894). Ferricrete was classified by Milnes ef al,
(1987) and Bourman (19894) as simple types, which
included ferruginised bedrock and clastic and organic
sediments, and complex types such as pisolitic.
nodular, slabby und vermiform ferricrete, The ditlerent
forms of fernicrete were noted 1o display differences
in micromorphology, mineralogy and chemistry that
reflect the nature of the parent material, environmental
conditions during iron impregnation and subsequent
trunsformations during landform evolution. Mottled
(Fig. 3) and bleached materials (Fig. 4) were regarded
as having developed mdependently of the ferricretes
by Bourman (19894).
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Processes of laterite formation

It is necessary for the various potential processes
of laterite formation to be understood so that more
reliable interpretations of ages and relationships to
underlying companion materials can be provided. For
example, does laterite formation require a peneplain
surface, as many workers in South Australia have
claimed? Furthermore, with respect to pisoliths, is it
possible to distinguish formation in place from
transported origins? Many theories of laterite origins
have concentrated on vertical translocations of minerals
in the regolith that involve capillary rise, vertical
leaching and fluctuating water tables. However, Milnes
et al. (1985) and Bourman er al. (1987) demonstratcd
that ferricrete development in southern South Australia
has been almost exclusively related to lateral physical
and chemical transport to, and accumulation of iron
and or aluminium minerals in, discrete preferred sites.

Capillariry

Teale (1918) favoured the role of capillarity in laterite
formation. He concluded that laterite formation
depended upon a ferruginous rock or subsoil for an

: _ i "
s % s e ot

iron sourcc, dissolution of iron, largely by organic
acids, and a hot season to ‘pump the iron salts’ to the
surface, causing oxidation and precipitation of limonite,

Laterite development by prolonged chemical
weathering during the late stages of the cycle of erosion
(Davis 1909, 19209, on a Miocene continental peneplain
with sluggish surface drainage, in a seasonally dry
tropical climate that encouraged capillary rise of iron
and aluminium in solution, was described by
Woolnough (1927), who had widespread experience of
duricrust in Australia. He considered the ‘Upland
Miocenes’ of South Australia to be ‘veritable Duricrust
albeit of somewhat aberrant type’ (p. 46). He noted
similarities between ferruginous cappings in the Mt
Lofty Ranges with examples in Western Australia, and
regarded some of the ferruginous materials on
highlands as ‘thoroughly typical lateritic crusts’ (p. 46)
and that the ferruginous surface of much of the ‘Mount
Lofty Plateau’” was underlain by highly decomposed
arenaceous rocks, similar to those related to ‘Duricrust.
Lateritc, ‘Upland Miocenes” and ‘Desert Sandstone’
were thus considered as contemporary and equivalent
duricrusts, resting on weathered rock matcrials
{Woolnough 1927).

Fig. 4. Bleached and kaolinised Precambrian Aldgate Sandstone exposed by quarrying at Longwood, in the South Mount
Lofty Ranges at 400 m above sea level. The depth of the section is 30 m.
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The capillanity maodel of faterite formation should
result in the reversal of soil A and B-honzons, with
ihe surface lertte being the illuyisl B-horzouand the
underlying iron-depleted clay being the cluvigl A-
lorneon, Thus, this model requires. the cogenctic
loranon of the complete laterite profile,

Leaching

The interpretation of laterite as the B-horizon of a
tassil podzolic soil was pursued by Prescoit (1931) in
view ol evidence of the dominance of leaching of bases
in lnerite profiles. as opposed to capillury uphit,
evaparition and surface precipilation ol iron and
wummum oxides. Tropical podzolisation became the
most pervasive view on laterite formation in South
Australia, with the kaerite horizon being regarded as
a tossil iluvial B-horizon where laterile occurs wn sreies
of undity.

Johny (1961a) proposed thit poorly drned soils on
Eyre Pepipsula were leached (which appears w be
contrpdiclory). during  prestmed  humid plovial
conditions of the Pliovene, leadiog 1o the accustilation
of won oxides and the i sirge Tormalivn ol Lalenle,

Combingtiony of water wable meverments, leaching and
capillarity

Both Whitehouse (1940) and  Stephens  (1946)
comcurred with the general podzohe orgin of laerite
bul enyisaged soutces of jron not only from the
overlying leached A-horizon but also Trom iron-
depleted. weathered bedrock by wader tuble fluctuanions
and capillary rise.

Hallsworth & Costin (1953) questioned that the upper
podzelised layers of southern Australian laterites
comprised parts of original laterite profiles, and
suggested Lhat they resulted from intense leachng atter
lateritisution. However, Prescott & Pendlelon (1952)
hud peanted out that, in spite of current semi-aridity.
relic podzolic soils with ironstone gravels in Western
Australi remain acid, re-emphusising their hy pothesis
of the pedogenic origin of lalerile,

The interpretavan of laterire as the induraled, iron-
rich B-horizon of a fossil, podzalic soil profile was
tuvaured by Stephens (1946). who proposed a dynamic
pedological model of soil formution, subsequent upon
dissection of the lateritic regions in South Australia,
He regarded laterite as u pedogenic material and
suggested  that  ferruginous concrethionary. gravels
accumulated in the soil profile in the zone of oscillating
seasonal water wble as a result of alternating reducing

“ Hauinw, F. H. (1959) The regional geography of Kangitroo
Tsland, Pl D thesis,  Avstiadian Nohonal Tiaiversits,
Canberra funpubl, ),

und oxidising conditions. He associated Lhe waler fable
Nuetuations with a low reliel and & humid chmate.
Under these conditions the coneretivnary gravels were
assumed (o form an ndurated horizon by thear
progressive enlargement and coalescence. Later uplift
and dissection of the landscape was postulated o
explain the laterite muntling remnants of  former
peneplains. A major coptribuion o pedologicat studies
wis joade by Stephens (1946) who recognised the
influences uf soil development on both the in sifu
weathered bedrock und the croded. trunsported debrs.
This model proved 1o be very productive for other
pedologists (e-g. Northeote 1946; Northeoe & Tucker
1948, Rix & Hutlon 1953),

Stephens (1971} luter moditied some o hiy views on
luterite formanon when he investigated @ possible co-
genetic relavonship between silerete and lalerite. He
considered that laterite formed by the accumulation of
hydruted oxades. Kaolinisation of mottled and pallid
vones and the acidification of the whole prolile, with
pronounced leaching losses of silica and bases, Luterite
was noted to lorm by hoth relative and absolute
accumulation but he helieved that relative accumulation
was predomimant. He aiso concluded that although
laterite [Hrmation way associaled with a fluctuating
water table, it was nol dependent on wither perlect
plamation surfices or topica) clinaes. views that have
largely been ignored in the local hteraiure,

Werting and drying processey

In oppusition 1o Prescoll & Pendleton (1952}, Bauer
(19599) fuvoured the view that lateritc may currently
be forming in southern Australia where the regolith
is affected by wetting and drying. He postulated tha
under these conditions lerrous iron would nngrate
ppward during waterlogging and converi (o stable ferric
iron in dry, oxygenating periods. He recognised a ready
source ol ron from decomposing country rock und a
lemperatute regime warm epough o allow  the
reduction, migration and oxidation of iron.

Wegthering transformaiions of materialy sich in ferrogs
iren

Mawson (19074) deseribed a large saucer-shaped
body of bog iron ore, with o maximum thickness of
10 m, forming & flatish-lopped hill about 200 m above
sea level at Wadella Springs on Eyre Peninsuli. He
concluded that the deposit had originated from spring
waters, with iron sulphate having denved froni the
oxidation of underlying pyrite bodies. Thus Mawson,
withaut confusing the occurrence with laterile, had
abserved and explained the formarion of 4 distinetive
type of ferricewe,
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The tormation of ferruginous ¢rusts, in such places
as the Telford and Murray basins, by weathering
transformations of minerals containing. ferrous iron
such as glauconite, siderite, chamosite and pyrite to
ferric iron minerals dominated by goethite has also
been recorded (Bourman 19894, Bourman et al.
1995).

Lacusirine larerite

The view of wonstone formation a5 lacustrine (e.g.
Fermor 1911) or swamp deposits on a peneplain surface
cloge wosea level, with the water table close o the
pround surface was suggested for South Australian
samples by Segnit (1937). He also nated the pccurrence
of three types of ironstone cappings on high level
ground and slopes in the Mt Lofty Ranges Vesicular
ferricrete, fonmed by iron okide replacement of organic
material in former swamp environments, has been
recorded (Bourman 19894) in various landscape
positons 1 the Mt Lofty Ranges (Fig. 5) and on
Kangaroo Island.

Relative and ubsolute accumulation: in siwd versus
iransported laterite

Latertte formution by relative (i sitw) and absolute
(lateral) accumulation has long been recognised with
difterent warkers attributing differing significance to
these processes. For example, Stephens (1971) attributed

laterite formation dommantly to relative accumulation,
Crocker (1946) agreed with the in sine formation of
some ferruginous gravels but considered thar some
others have secondary origins, Milnes et af. (1985) and
Bourmnun er al. (1987) presented evidence of dominant
lateral transport in ferricrete and pisolith formation in
the Mt Lofty Ranges. although the possibility of i i
formation was not rejected (Fig. 6). Johns (1961a) also
conjectured that most of the sediment deposited on the
coastal plains and Central Basin of southern Eyre
Peninsula was iaterial resorted from (he uplands and
included pisolitic or massive ironstone gravels, Johny
believed that during latenusation the previously
peneplained basement rocks underwent deep
wedathering, ferruginisation and  kaolinisation,
Lithological variations in the basement rocks were
thought to have had no influence on the final
weathering products,

Maud (1972), following d'Hoore (1954) proposed
absolute and relative sources of iron and aluminiurm
oxides for the formation of laterite, The accumulation
of iron and aluminium oxides was attributed either 1o
the removal of silica and bases or their accumulation
from outside sources  Well-developed  lateritic
ironstones on Permian glacigene sediments were
explained by the concentration of iron oxides from
lateral sources, whereas thinner crusts on pre-Permian
rocks were aseribed © in site weathering losses of silica
and hases (Maud 1972), Maud (1972) believed that
following lundscape rejuvenation and lowering of the
water (able, the zones of iron-enrichment irreversibly

X
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Fig. 5. View of bulldozer excavation on Peeralilla Hill showing terruginous crust of vesicular ferricrete and light-coloured
clays (hottom left of photgraph) that melude caleite and barite. This deposil of ferricrete occurs on the summil surfuce
hul below the Tevel of surrounding hills, Borehole evidence indicates that this deposit 15 underlain by sandy sedimenrs.

Excavation 2.5 m deep.
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hardened into lateritic ironstones. Brock (1964%) also
agrced with d’'Hoore (1954) that disscction of lateritic
terrain, accompanied by lateral water movement, may
have redeposited iron oxides on gentle slopes to form
cappings.

Wopfner (1972) carried out an analytical investigation
of mottled materials that in other contexts have been
referred to as lateritic. He discussed maghemite in
mottled Cainozoic sediments at Hallett Cove, where
both primary and reworked maghemite were identified.
Maghemite was reported from two locations: small
amounts (2%) of maghemite in conspicuous red
mottles, within medium grained white sandstonc, were
used as evidence of in situ formation, whereas
maghcmitic sub-rounded ironstone pebbles in a
conglomeratic horizon were considered to be indicators
of reworking. The profiles and crusts were considered
to be genctically related with the conglomerate forming
by reworking of an original in situ crust.

6 Brock, E. 1. (1964) The denudation chronology of Fleurien
Peninsula. M.A, thesis, The University of Adelaide
(unpubl.).

Atk
Fig. 6. Road cutting on the Victor Harbor-Cape Jervis road west of the Waitpinga road, expasing bands rich in pisoliths,
at a depth of about 1 m, in ferruginous sandy sedimcnts of probable Pliocene age and of aeolian origin. Other pisoliths
occur at the ground surface and in the upper soil mantle. The pisoliths at depth contain only goethite, whereas those
at the surface have higher iron contents and contain dominantly hematite and maghemite. Geological hammer 33 cm long.

Many soils associated with uplifted pencplains in
Australia have been noted to contain concretionary
ironstone gravels, attributed by Prescott (1934) to
former wetter periods when waterlogging of soils and
shallow water tables were more common than at
present. Chemical analyses of ferruginous gravels were
interpreted by Prescott (1934) to demonstrate the
concretionary character of the ironstone gravels.
However, many pisoliths in southern South Australia
appear to have formed dominantly by disintegration
of ferruginous materials such as mottles, followed by
physical transport and modifications in soils resulting
in increases in iron content as well as a mineralogy
dominated by hematite and maghemite (Milnes et al.
1987; Bourman er al. 1987). Transportcd pisoliths
typically are associated with stone lines, have different
chemical and mineralogical compositions to
surrounding matrix materials and display multiple
rinds. Milnes ef al. (1985) also considered that
ferricretes in southern South Australia, as well as
pisoliths, are dominantly remnants of iron impregnated
sediments, originally formed in former valley bottoms
and depressions,
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Although there i weneral agreement that ferruginous
materials can form hoth hy processes operating in sitn
and those related to trunsportation, there lay been
copfusion in the use of the term st For example,
sotne workers have consderad thit fernerete, fonmed
during landscupe donwnwasting. which involves hoth
verteal and lateral moveient of clasts, fotmed i sin.
Such ferricrewes may be bener regarded as restdual with
it sity weatherng applying maore strictly only to
sovolummeous weathefing (Bourman 199:4h),

Laterite proliles
Thir normal laterite profile

Throvghout the Sooth Austrhian ieratore, following
Stephens (1946), runs the thread of the napmal lateie
profile, which has mfluenced many palaco cliratic and
palaco-environmental reconstructions. Only rarely have
stuches departed [rom this model. The ol Laterine
profile (Stephens 1946), was envisaged as essentially
a podzol with A, B and C horizons of cluviation,
tuyitson and weathering, with an aceessory lalenie
horizon usually above a clayey B-horizon, Oceasionally
several lateritie horizons were noted in one prolile
Stephens belicved that the normal laterite profile was
restricted to soathern Australns, m Queenshind Laterine
was thought to oceur as un honzoa in red earth profiles
(Hrvin 1939: Whitchouse 1940), which contined
siticitied zones. suggesting the incomplete removal of
dissolved silica.

The model presented by Stephens his considerable
el s i emphasises the dynaime pature of landlorm
change and pedogenesis. However, its dependence on
the widespread occarrence vl o former wormal Laerite
profile related w  former regional water foble
fluctuations, s unrealisuc and has led to simplistic
explanations of landscape developinent, Furtherinoe
there are various objections (o the view thal the original
laterite is the illuvial horizon of a lossil podzotic sail

Widespread lateritic souls on the elevated peneplain
ol Kanguroo 1sland, the Mt Lofty Ranges. Yorke
Peninsula and Evre Peninsila were reported by
Crocker (1946), who observed that they confained
congiderable  percentages of lopse and induraied
lateritic ironstone gravels. Some of these gravels were
considered to have formed in sine, but on dissected
marginal slopes secondary origing for them were
suppested. Crocker (1946) followed the view of Prescot
(1931) that laterite is the fossil illuvial horizen of g
tropical Pliocene podzolic soil. Thus he teiterated the
then current thoughts about laterite and  Turther
promulguled. the association of laterite, peneplains,
tropical climates and the Pliocene (or Tertiary), thereby
setting the stage for the penerabon of circular

arguments. Sprige (1946) concurred with Prescotl (1931)
and Crocker (1946) concerning laterite genesis,

The pedogenic ongin of luerite was promoted by
Northeote (19461 and Northcote & Tucker (1948)
These workers mappued and described a relic normal
luterite profite of Pliocene age. the Elcanor Sand. on
the laente plareau of Kangaroo fshind. Crocker (1946)
commented that latentic residuals on Kangaroo Island
were covered by grey and white siliceous sands derived
Irom resorted A-horizons, originally developed on
Pleistocene coastal ealearcous sand dunes. However.
Northeow (I446) claimed thar the constant g ol
codrse to fine sand throvghout the profile indjcated that
it had formned i sig sud at the surlace lad ool
received accessions of wind hlown samd, Consequently
he tegarded the Eleanor Sand as o relanvely
undisturbed fossil soil of Pliocene age. with g laweritic
horizon developed i yitr and preserved oman uplifigd
penepliin. However, Mulcahy (1960) has sugpested
such sunid iy not be fossil, but may have dezived from
lurerite deatrucrion. thus yielding a sinulac grain siae
analysis 1o that deteemined by Northeote. Twidale
(1983) considered that this sandy A-horizon provides
cvidence lor the preservation of an orgined Mesozow
fatente probile.

Rix & Huoton (1953) reparded the summil surfice
i Ihe south ME Lofly Ranges as u block-faulted,
uplifted and dissected peneplain. They followed Sprig:
(1946), considering thar by Farly Terridry Limes
Precambrian rocks had been reduced o 4 base surtace
and subsequently buried by a Tertjary lacustrine and
manine covermass. The soil paltern suggested to them
thit i Further eycle of erosion had removed the greafer
part of the covermass. leaving isolated arcas of varying
extents thereby creating a new peneplain, with
remnants of Teriary deposits preserved in wpographic
lows. They postulated laterinsation of soils on The
penepluin, prior o major faulling and dissection,
concurring with Whiehouse (1940) that there Jad been
contemporaneous. laterite  formation  throughoul
Australis in the Pliocene. Residual lateritic soils were
only mapped on hill summits and spurs @0 they
suggested that erosion had removed most of @ laeritic
sundpluin followang uplift and dissection.

One soil, the Yaroona Gravelly Sand. was regardial
as an onginal laterite profile and described as a massive
band of laterite 22-30 cm thick. containing water
washed grits, gravels and sands. unconformably
averlying kaolinised Precambrian shales (Fig. 7). Ris
& Huuon (1952) described other residual podzols i
the arca as exhibiting noronal profiles of ferruginuns,
mottled and pallid zones, overlying unweathered
counrry rock, These workers were strongly influenced
in their interpretations by the normal laterite profile
model of Stephens (1946) and presented a convoluted

explamation of an anomalous lalerite profile. prescrverd

in & road cut south of Clarendon, w1 order 1o accoum
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for a mottled zone overlying i laterite zone. The section
can also be interpreted as a geological sequence of
Precambrian rocks weathered in pre-Tertiary times,
and overlain by fluvial gravels, grits and sands of
Eocene age (Mawson 1953). Subsequently these
scdiments werc partially silicified and superficially
staincd red by small amounts of iron oxides in
groundwaters. A thin grey soil with pisoliths occurs
at the surfacc. The above example demonstrates how
complex deductive arguments, within framework of the
model ol the normal laterite profile, were used to
introduce events, for which there was no evidence, in
order 1o explain apparently aberrant observations.
Despite this, Rix & Hutton (1953) produced a detailed
soil map.

In southern South Australia the normal laterite
profile of Stephens (1946) has been given cxcessive
consideration, sometimes resulting in simplistic
interpretations of landscape development. This has
occurred  despite  observations indicating great
variubility in lateritic weathering profiles and despitc
the view of Stephens (1971) that the ‘normal profile’ is
the exception rather than the rule. Bauer (1959%) and
Alley (1977) disagreed with the interpretation of laterite
as a tropical fossil soil profile developed on a
peneplain. However, their views have not been
generally accepted.

Polygenetic profiles - Aliernatives to the normal laterite
profile

STRATIGRAPHIC APPROACH TO INVESTIGATIONS OF LATERITIC
MATERIALS

Firman (1967a, b, 1976, 1981. 1994) placed weathered
zones and palaeosols within a stratigraphic framework.
For example, he gave formal status to ferruginised
clastic sediments and bedrock weathering profiles
consisting of scsquioxides of iron and forming
ironstone crusts, by introducing the name Yallunda
Ferricrete. The Yallunda Ferricrctc was reported to
excced 1 m in thickness in its type area at high levels
over interfluves of the Lincoln Uplands (Eyre
Peninsula) and on remnants of old high surfaces
elsewhere. The term ‘ferricrete’ was used to describe
ferruginous layers and crusts both independent of, and
in association with, weathered profiles. Firman (1976)
interpreted the various zones of the so-called normal
laterite profile as having formed by different processes
at different times. with the profile as old as the initial
transformation of the parent material.

Ferricretes in  various  stratigraphic situations,
including ferricrete above and below Lower Tertiary
sediments in the Barossa Vallcy, as well as ferricretes

Fig. 7. Scction in road cut near Clarendon. exposing the Yaroona Gravelly Sand of Rix & Hutton (1953), showing angular
unconformity with ferruginised pebbles, grits and sands of Eocene age overlying weathered, bleached and partly kaolinised
Precambrian meta-siltstones. Section is approximately 3 m high.
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in the highlands of the Mi Lotty Ranges and the Lineala
Uplands were recorded by Firman [1967a). He also
suggested that there were equivalents of upland
Jerrieretes in the sedimentary succession of the Murray
Basin. These included oolitic siderite-nich sediments
and Katerite in the Early Pliocene Bonkpurnong Beds,
% well as terruginous beds and cappings in the Late
Pliocene Parills Sand near the Victoria-South Australia
border, Somie of the ferricretes, however, haye resulted
Irom the relatively recent ooadation of pre-existing imn-
neh sediments contining glaveonite and sidente and
cannot be used as relable sorl stratigeaphic markers.

Firman (1976) considered that betwern Permain und
Eurly Tertary times, some 200 Ma, the ML Lofly
Ranges reginn was a land mass experiencing prolonged
wealthering and erosion, so thar by Early Teruary nmes
a subdued and deeply weathered londscape had
developed.  Associated hleached profiles  were
wonsidered 1y haye ongmated 1n the Mesozoie, A range
of different ages of weathering and lateritisation was
reported. Decomposed. bleached or mortled bedrock
underlying Eocenc sediments was ascribed o pre-
Tertiary weathering, u luterite profile Jeveloped in
Bocene gravelly sands was used Lo indhcate posi-Focene
weathering: silicilied and ferruginous zones in Early
Pleistocene sediments, averlying older bleached zoney
were argued ro have equivalents i laterite profiles in
the adjoining uplands; and ferrugimsation i
cathonucesous and pyriic Eocene sediments was
iblribuled 1o recent exposure and oxidation.

The work of Firmaun 1s significant in atlempting 10
establish stratigraphic ages for different weathering
leatures, Nevertheless, correlaning weathering phases
simply on shapes. sizes and colours of mottles may
be unreliable, as similar weathering patlerns occur
profiles of different ages. Fuorthermore.  Firtnan
observed modificaton of some profiles by later
wedithering, obscuring earlier weathering praducs.
Frrnan  apparently  wok nu seccount of locul
envitonmentdl conditions, which may have favoured
synchronous bleaching in one area and monling 1o
another. Various questions remain unanswered, such
us whul happened 0 the ron derwved from the
bleaching of the Arckaringa Palaeosol; where did the
iron for the development of the Sun Marine Palaeosnl
come from: and how was it concentraled in diserels.
bl more-or-less uniformly distributed mortles within
previpusly bleached bedrock?

POLNGENT 0 PROVIES AN COMTINCAL WEATHERING MO
- FERRICRETT FORMATION

Milfies ef af. (1985, 1987) and Bourman «f af, (1987)
combined investigalions of the field relationships of
ferricretes and  weathered zoncs wih  micro-
morphelogical, chemical and mineralogical analyscs
and questioned the former development of normil

laterite profiles. ‘These studies have sugpested thar there
was complex reworking and continuouss weathering of
relic landscapey since the Barly Mesozoic, and [hat
[erricretes are dominantly remoants of iron-
impregnated  sediments ol ancicnt vallevs or
depressinns. Some ferricretes may be the culmination
of processes beginning o the Mesopzoic bul sill
proceedimg, resulting in the repeated dissolution. break
up and neo-formation of lerricreles. as well as the
ongoing and current formation uf mottles and bicached
7ones.

Some ferricretes may have developed as suggested
by McFurlane (1976). who postulated ferricrets
develupment hy the surface accumulation of
ferruginous materials during landscape downwasting,
the formation of gibbsitic-rich zones in near-surface
siuations and continued development of ferricretes and
bleached cones after uplili. However, some other
features of her mode! do not (it the observations in
South Australia; there 18 evidence for some hicached
zories and mmottled ¢ones being older than the ferricretes
(Bourman 1989%) ind no evidence has been observed
ol progressive development of prafifes, with honzons
having formed from progenitors resembling those
currently beneath them, An extension of this madel
is the confinuil wedthering hypothesis of Bourman
(198094, 19934), which proposes ongoing epigenetic
teanstormations of ferricretes and weathered zones,
vith rates of change influenced by climate and events
such s tectonism, sedimentary burial and submergence
bencath lakes and the sea

Topographic requirements for laterite forniation
Peneplain concept in laterie development

Many workers have associated laterite formation and
preservation with pencpluined surfaces. However,
Sprigg (1946) considered it unwise to associate laterite
tormation with peneplanation, which ymplied formation
over a very long period, since be believed that
lateritisation occupied only a relatively short rime span
This interpretation has imporant implicanons for
tandseape evolution as laterite formation would first
reyurre the development of an extensive planation
surface. The peneplain cancept of laterne developmenr
begin carly (Benson 1911 Mawson 1907h; Teale 1918:
Woultough 19271, and has persisied (Campana A
Wilson 1954, Brock [9645; Ward 1966: Twidale 1965,
1983, Maud 1972), For example, the sumimil surface
of the MI Lofty Ranges was interpreted as an Barly
Tertiary ditferentially uplifted and dissecled ‘pencplain,
surmounted by monadnocks” such as Mt Lofty. M1
Barker and Mt Gawler (Benson WI0. Tate (1879)
attributed the disconunuous distribution of the “Uplard
Miocenes!, separated by degp ravines, to extensive
denudatan after uplift of the ranges.
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Manwson (1907t) exsended the pencplain concepl w
Eyre Pennwula where he deseribed peneplains in the
Port Lincoln aren ot ahont 100 m and & m above sei
Jeyel. He equiated mottled clay beds underlving the
lower surface with Treshwater Mioeene beds peal
Adelmde,

Some extrenely perspicacious comments on the
nature i formation of fereugimous materials i the
south Mt Lofty Ranges were miade by Teale (1918) and
s work represents the most compiehensive, detailed
and objective discussion of iron oxides wmong all of
the catly mvestigators, particularly on classificalion
and theorijes of origin of fronstone crusts. Teale (1918)
lerpreted the summil surface of the ranges as
distocated and eroded remnants ol former extensive
peneplam. Woolnough  (1927) suggested  (hal the
distribution of remuans of the terrestrial Uplund
Miocenes agreed completely with the phyvsiegraphic
conditions pastulated for duricrust formation i.¢, a
peneplain with sluggish drainage,

In the southern purt of the Mt Lofty Ranges,
Campuns & Wilson (1954) deseribed o planation
surface af levels up to 420 m above sea level . s a pre-
Tertwry peneplain, uplifted during Tenisry and
Quaternary times and decply dissected by subsequent
cyeles of erosion and Brock (19645 idenhified
remnants of an ancwent landsucface on the spine of
Fleusict Peninsula covering an area of 25 km“ the
remnants were deseribed as havipg little relief and 4
capping el the normal Lente proble of Stephens
(19400, Ward (1906) also described  Tal surlices
preserved on the cresty dod gentle back slopes of the
western blocks of the Mt Lofty Ranges ax relics of i
pre=deformational ML Lotty peneplain, mantied by deep
weathering and lalerite, Twidale (1968) desenbed the
summit surface of the Mt Lofty Ranges as o Gugernised
penepliain, surmounted by a few residual remnants, or
monadpocks,

Today the wrm ‘peneplan’ 18 rarely dsed an
geomorphic literature becanse, among other things, i
carries with it an undemonstrable, highly theoretical
mode of genesis. The derms ‘erosion surface’ ar
‘planation surface’ are preferted.

Irpegular surfaees

Not  all workers have  considered  penepliang
necessary for Tawerite formation - It pepepluin surfaces
are necessary for Lierite formation, the unphication
s that laterite formation follows  peneplananon,
although nrvegular surfaces snggest that laterite can
form during, and as a result of. landscape
downwasting. Some investigatory such as Cumipany
(1955) have demonsiraied great complexifies and
srregularities in weathering and landscape evolulion,
Waorking neir Gawler in the north Mt Lofty Ranges.
Campana (1955) noted a leached Lneritic soil overlying

gneisses. schists and Tertiury Muviatile deposits restng
on at pre-Tertary weathered erosion surface, He
reported gravels and coarse sands cemenied by imon
oxides within the Tortary sediments. The mapping of
the Tertiary (Farly Focenc) stratzom thas sres tndicaied
thal deposition oceutred ina systerm of lakes and rivers
an o weathered surlace of moderste reliel, above which
ridges of harder rocks projected, Campani (1955)
considered that the non-marine strata and older rocks
had heen subyected w widespread lwentisation berween
the Early Eocene and the Mincene, The sequence
outlined by Campana (1955 ilustrates pre-Tertiary
weathering and bleaching of baserent rocks. [he
deposinon ol Tertiary 1erresteal sediments over a
dissected landscape. differentivl ferruginisation of
suitable host rocks aud e nhibitton of this by marine
submergence,

Bauer (1950%) noted that repardless of elevanon, the
laterine profile. the Eleanor Sand, oceurs on ureas of
Tow reliel and poor drwimage that would Tive subed
perindic watetlogging and drying (g %), Thus he
thought that topography nught bayve been important in
assisting the formation of u distinetive soil in two
differing physiographic locations, that is, on a stepped
topogruphy with (Tat treads. bul nol necessanly o
peoeplain.

Lang (1965) reported on soils und geomarphology
of the Yundi area within the south Mt Lofty Ranges,
His work represents a departure {rom that of miny
curlier workers as he wvoked different types of
weathering, erosionnl and sedimentary miluences 1o
explain the current landscape and he envisiged
lateritisation and duricrust foomution uy procecding
over Tong periods ol time, on landscapes o varable
relief und positons above sed level, In the same area,
Maud (1972) nated Lateritised surfices oceurting acrosy
infilled glaciul valleys and correlated thern with the
summit surface despile their lower lindscape posibons.
The gende non-tectonic inclinations of ironstone
cappings  were reparded as origmal  ovalley
morphologies, and Maud (1972) concloded that the
orginal erosion surface was one of considerable relief,

Bourman (19894, 1993a) prescowed g model of
Laterite formuation avolving an ongingl landscape of
some relel that provided lateral Joeal environmentad
varinhility This resulted in blenching of higher parts
ol the landscape and iron accumulation on platean
margins, in depressions, swampy and valley botloms,
Primary iron mincrals mobilised in sub-surtuce zones
affected by water whle fluctoanans were concent raed
m o hemaritie monles.  Landscape  downwasting
concentrated and fragmented moltles a0 the sutface.
turther weathering moditied them, formed pisaliths,
cerented thew Lo fosn ferrjerete gt the surface and
further moditied the ferricrele, Porhions of the suimit
sufrface of the Me Lofty Ranges have been continuilly
atiected by weathering and erosion since the Permian



ROBIKT P. BOURMAN

sallay This suggests ferricrete fonnation during landscape
T e D = evolution rather than being dependent on the presence
3 BN of u planation surlace. The coutinual weathering model
[N = postulates ongoing variable weathering, interrupted by
B o tectonie activity, sedimentary burial or marine or
S A lacustrine submergence.
= 10
= o
ad N
W e
v Climatic conditions required for laterite formation

The vast majority of workers hus equated futerite
lormation with a hot, seasonally dry tropical cliniate
favouring, the operation of intensive weathering
proeesses. Low topographic relief and tropical climates
were considered ideal for laterite formation, generating

o many circular arguments related to the laterite-tropical
climate-peneplain association.

A tropical climate with pronounced wet and dry
seasons, such as that of Darwin, was considered ideal
for the formation of laterite by Walther (1915). This
view has persisted. Stephens (1946), Sprigg (1946).
Crocker (1940) and Northcote (1946) associated laterite
formation with a pluvial pericd in the Pliocene and
Johns (1961a) believed that low relief and high tropical
temperatures had lavoured the removal of silica, with
seasonal oseillations of the water table leading to the
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concentration of iron oxides, More recent workers such
as Bourne (19742), Daily o al. (1974), Twidale &
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Bourne (1975a), McGowran (1979a), and Twidale
(1976b, 1983) alsp tavoured torrid, tropical conditions
for lateritisation. The timing of lateritisation hay
commonly been associated with independent evidence
for tropical climates. For example, Twidale & Bourne
(1975a) noted that palacontological considerations
favourcd the Triassic as providing the most suitable
humid, tropical climatic conditions lor the formation
of laterite in the Mt Lolty Ranges.

In marked contrast. Firman (1981) proposed different
climatic conditions for separate parts of the proliles,
For example, the bleached zone of the Arckaringa
Palaensol was not considered to have heen genetically
associated with younger ferruginous zones but to have
preceded the development of mottles and ferricretes.
He ascribed bleaching to eurly cool climates and
ferruginisation to tropical conditions.

n Other workers such as Bauer (19595) and Campana
& Wilson (1954) considered that lateritic material might
be forming at present in southern Avstralia so that
climate Tor lateritisution need be oo diflerent from that
ol today. Maud (1972) also argued that the process of
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Fig. 8§ Cross seetion of the Modmt Taylor Plun, Kangaroo

Islund, showing the relationships of identical vermiform
- lerricrete on u high pre-Mincene summil surface and a low
= post-Miocene surface,
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iron oxide-cntichment of sediments 1s currently
proceeding on hrond valley floors in the Mo Lofty
Ranges under  current climatic conditions.
Furthermorg, there iy considerable evidence ol modem
iron mobilisation and precipitation in southern South
Australia (e.g. Bourman 19894, Ferguson er al. 1984).
so that i humid tropical climate need not be i pre
requesite for bleaching and iron enrichment,

The role of elimatic influenves in Lhe ormation of
fetruginous and stliceous durierusts was, examined by
Alley (1977), who provided evidence that both laterite
and silerete formed logether, for at least some time
during the Tertiury, on idenbical strato and under similur
climatic conditions, suggesting that some ofher factor(s)
st have controlled the processes of weathering. Only
the base levels of erosion dilfered hetween the sileeeted
and lateritised surfaces and silerete developed on a
surface, the dounage of which Howed stuggshly i
Tertiary lakes. Pulynological data were interpreted by
Alley (1977 o demonstrate that the Bocene appeared
to huve been warm and temperate with a very high
rainfall and thar the Miocene was similar, with perhaps
slightly warmer lemperatuzey and g shghtly lower
precipilation. The concentration ol silica at {he
landsurface was atnbued © high atkaliniy, slow
groundwitter mavement and a high wuter table close
Lo the lakes. Alley (1977) concluded that Latere and
silerele coexisted for part of the Early Cainozoic in
adjacent drainage basins, Consequently, laterite and
silerete were oot thought w form through  the
mechanism proposed by Stephens (1971) which involved
the formation of silerete by deposition of silics in dry
eomes alter Daving been deoved trome Jateniue
weathering elsewhere. Furthermaore, the view that
fterne 15 assovtated with tropical conditions and
silerete with aridity was not supported hecause hoth
forined i sintilar climatic and biotic regimes; anly the
base levels and  groundwater  conditions  vaned.

Using chemical (Hutton 1977, patynological and
stratigraphic evidence w support their argument
MeGaowran et al. (1978) disagreed with Alley (1977)
that taterite and silerete formed coneurrenty on similar
rogks ond under broadly similar chimalic conditions
from Eocene to Miocene times, However, Alley (1978)
countered the arguments presented by McGowran ¢
al. (1978 and made a valuable contribution to the study
of faterie genests by highlightmg the intfluence of local
topographic and groundwater conditions in s
formgbion, s well as questiontig chgmne anflucnces
on Lerile and silerete development,

Minerals as climatic indicators of laterieisation

As noted above lateninsation s conmmonly associated
with inlensive weathering ander Iropical climatie
conditions wnd certain minerals are sugpested oS
Indicators, of climatic conditions. For exaniple, Woptnes
(1972) sugmesicd Uit maghemuite inmotiles s a climatic

indicator, originating by thermal  dehydralion of
lepidocrovite lormed by oxidation under fluctuating
water table levels and warm climatic conditions, He
woncluded that lepidocrocite and goethite myty have
formed s pels that were subsequently dehydrated and
crystallised as maghemite and hematite under
conditions of low felicf, warm climate and heavy
seayonal fainfall,

However, magherute m latenite rooldes iy very rare
in southern South Australio as they are dominantly
hemarine (Bourman 19894). Morcover. 1 lateritic
arcas of the Mt Lofty Ranges, potentially- weatherable
minerals mcluding felspacs, muscovite, vermiculite,
chlorite and smectile have been identified (Bourman
19894). In some cases there may have been neo-
formation of these manerals but it does seen anomalous
that they should be so widespreud in areus considered
10 lve been affected by Lawerite weathering processes,
Previously, Crawford (1965) had noled Tresh lelspur
gravel in morded material at Ardrossan and used this
10 argue dgainst lterinic weathering.

Falaeoctimatic mdicarors

Depending on the climatic conditions considered
essential for kiterite formahion, the preseoce of Jaterie
has palacoenvironmental implications. There is little
doubt that the operation ol chermcal processes 15
aceelerated nnder hot moist conditions but therd 15 o
growing  body ot eyidence  sugpesting  that ron
mobilisation and kaolinisation can oceur undet vanous
climarie regimes - see Bourman (1993a) for o summary
- 50 tial there are considerable uncertainties hinking
Taterite formation with a specific chmate. For example,
there are many reports of modern iron mobility from
localities in the Mt Fofly Ranges, Kangaroo Ishind and
Fisherman Bay (Ferguson er wl. 1984) under cnrrenl
Mediterranean and seni-and  climane canditions.
These observations may also et doubt on the
rehiability of correlatng teeresuial ferruginous crusts
with evicdence of wirm, humud cliniates derived from
marine elhimatic indivators (MeGowrin 19749h),

Interprelation of lateritic landseapes

Many different hypotheses have been presented 1o
explain the distribotion and evolution of lawrie. These
include the develapment of faterite on a surfice of low
relief, close to sea level, followed by differential
tectome uplift and dissection of the lateritic surface,
deyelopment of mulliple ¢rosion surfaces affected by
episodic weathering and larerite formution. differential
weatherme wnd latersie formarion on & landscape
formed by uplilt and dissection of a surface onginally
of low relief, and the weathering, crosion and
sedimentation of a landscage before, during and afier
uphift.
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Reconsiruction of lateritised landsvapes

The models uf lundscape evolution presented (o
expluin the development of latere depend ou
precomeeptions of haw laterite forms. For éxample, 11
is oftzn assumed that isolated oceurrences of latecite
tepresent dissection of & former conhnuous laterite
surface and thae the different horizens of laterite
profiles formed contemporaneously. In the past. many
workers have tacitly assumed that the present day
isolated and sporadic pccurrences of Lalerite represent
the erosional dissection of 4 former contiguous and
unilorm laterite-mantled planation surface and that
these remnants are excellent and relighle morpho-
steatigraphic markers (e.g. Twidale 1983). However,
discontinuous disteibutions ny reflect only localised
formation in favourable localities (Bournn 1993a)
where optimum wpographic and climatic conditions
did men generally prevail. Hence, the aceurrence of
hiterite need or necessarily indicate o former extensive
erpsion surbace

Preservation of wplifted peneplains

Interpretations of landscape  cvolution  have
commonly depended tpon recognirion of uplifted and
dissected former peneplains, and the preservation of
parts of the onginal weathered surtace, which can be
used 1 reconstruel the former surface. A review of
the churacter and age of the samimit high plain of the
Mt Lofty Ranges was presented by Twidale (1976b),
who argued that the summit surface s of Mesozoie
ape imdd has been preserved for some 200 Ma (Twidale,
1976a). Recurrent uplitt of the Mt Lofty Ranges, it was
arpued . postponed the ultimate degradaion of the
ranges by exposing new land to the drea undergoing
reductinn, However, other workers have suggested that
the best preservalion of laterite is in relatively low
lying points and Jeast in areas of greatest uplift (Milnes
oral- 1985). The development ol the Mt Lofty Ranges
on an anlicling, the Manks of which are fauled, was
one factor used by Twidale (1976a) o explain the
preservation of the Tatente-capped pheat. It was
maintained that the bulk of the platean is centrally
locared close to the resistant compressional zone ol the
anticlime and remnanes neac the westem margin are
hottressed by sandstone and Limestone  outerops.
However, the folding. which occtirred in the Cambrian,
wits very eomplex and did not result in the formaton
wl a simple annclime. Moreover, erusion of this complex
stricture has been so pronounced thal verfical ind near-
vertical rock structures are exposed. Forthermore,
subsequent tensiondl Faulting hus occurred within the
runges (Glaessner 1953a), so that the core of the rangey
should not be considered to be in compression. The
preservation of the Mesozoic sandy A-horizon of the
lalenite profile was thought 0 have assisled
nilueosurface preservation by providing an absorbent

cushion to protect the underlying lerruginous harizan
from rainfall (Twidale 19764). However, no evidence
has been found by the present wuthor of 200 Ma old
sandy A-hotizons in the ranges. Conversely, sundy soils
dre commion, especially on Perniman  glacigene
sedifments and occur in landsurfaces. demonstrably of
posi-Mesozmne  ages. A permeable  and porons
ferruginons crust of (he lalenle profile was also thouglit
o render this zone resistant to erosion, Howeyer,
ferruginous crusts are relauvely rure and discontinuons
with the thickest crusts occorring in positions well
belony the level of the postulated ancient surtice

Gully gravure. involving the alternation of the locuy
of intense ernsinn through the protective influence of
course debris, was implied w reduce the rate of scarp
retreat (Twidale 1976a), However, no specific siles
were dhiscussed and the present author hias not observed
the exlensive aperalion of this process in the Mt Lofty
Ranges. The unequal activity of rivers, which incise
more rapidly than they erode lawermlly. was also
suggested as a comributory factor in sbmmil surface
preservation (Twidale 1976a). While river incision may
operine more rapidly than valley-side processey in sotr
situitons. the operation of the processes of weathering,
surface wash and pullying on valley slopes and hill
summits for 200 Ma has Ied 10 considerble
modilication of the Tandscape (Milnes er al. 1985,
Bourman 1993a),

A wodel of Tandscape evolution joyolving increasing
reliet wnpluude in order to account for the preservalion
af these presumed ancient palaeoforms ways presenied.
and evidence supporting this niodel for other areas,
was discussed, However, itis ublikely that the sbmimit
surface of the Mt Lofty Ranges has survived essentially
unchunged for this enormons period of tine,

Dissection model

The dissection model asswimes relic mduralion at the
top of former complete and continuous profiles and
the luck of preservarion of complete profiles is often
taken to imply dissection (Stephens 1946 Thomson
X Horwiz 1962 Johns 196la, b, Maud 1972,
Robertson 1974; Duily er al. 1974: Twidale 1953)
Johns (1961a) considered thaf much of the Lincoly
Uplunds of southem Evre Peninsula s obscured by
fossil laterie and lateritic gravels and conglomerites,
a formerly continuous mantle now partly siripped
fiflowing regional vplift, draimage rejuvenation and
erosion, Jahps (196]b) also interpreted the accordance
of summit levels in the castern MU Lofty Ranges ax
a base-levelled lerrain of Phiocene age, carrying
sporadic occurrences of terruginous grls and faferiles.
He believed that once-contihinas ironstone cappings
of Phucene or post-Pliocene age have heen largely
remeved by crasion. The best exposares of ironstones
wete weported from “Lucernbrae” where depuosits aben
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I m thick were noted 1 mamle Kanmantoo Group
metasedimentary rocks,

Mid (1972) noted thal although laterite proliles in
the southern Mt Lofty Ranges are typically thick. with
well developed wiottled and pallid zones, laetie
horizons are mare. He atiributed this 10 erosional
truncation of the profile, Robertson (1974) reported
ironstone  fragments  and deeply weathered  and
haolimsed rocks in the central section of the Mt Lofty
Ringes at abont 450 m above sea level. He lso
interpreted the weathered material as a remnant of a
Tertiury laterite prolile,

Geologists and  geomorphologists  have  been
particularly interested in laterite, primarily o establish
denudation chronologies. o establish the apes of
particular landforms, o correlate widely spaged
plamthion surlsces and 10 throw hight on e wetome
behaviour of upland areas. Examples of the nse of
laterioe weathering in interpreung landseape evoluton
are provided by the work of Sprigg (1945). Brock
(19644, and Twidale & Bourne (1975a). Sprigg (1946)
comsilered lalenite formstion in the ME Lofly Ranges
{0 be short-Jived, correlafed it with mottled Pleistocene
sediments and believed thae faulung and uplift of o
peneplain occurred after laterite formation, indicating
Land movemnenty of between 180 0 and 300 i dariog
the Pleistocens Kosciusko epoch of block Bwling. This
tecpretation provides a very young age  for
lateriisation and faulting. whereas Brock (1964%)
interprefed thee summit surface as a peneplan formed
after prolonged subaerial weathering and erosion in
the Palacozoie, culnmatg g phase of crustal
stahility in the Mesozoic and Barly Teniary, when
lateritisation oceurred prior o uphift and dissection of
the surface,

Even greater antiquity of the Mt Lofty Ranges was
propased by Twidale & Bourne (19754) who
investigated the geomorphic evolution of the eastern
Me Lofty Ranges. A summit high plan (Yungkillo
Surface) ar 200 300 m above sea level, an ech
srfice, occasionally surmounted by scatered lateritic
resicluals up to 10 m high (Whalley Surlace), was
identified. The scattered lateritic remnants were
mterpreted as rermmants of a once-contiguous weathered
surlace of low reliel. The Whalley Surface and s
associated deep weathering were considered 1o be of
Mesaroic age by extrapolation from Kangaroo Island
(Daily er al. 1974), They also argued that it developed
under @ hurmid, (ropical chmate. Dislocation of the
Whallev Surface by fanlting was propased although
there was oo evideoce of bured  lawerne on the
downthrown side o the Milendella Faole Tts absence,
it it ever existed, waos explained by suh suriice
dissolution of the iton oxides.

Kennedy model of developavent of Iaerirised surfioes
T'widale (1968) accounicd for ine abscnoe of

downfaulted remnans of the faweritised ecosion surface
hy proposing an alternative to the traditional
explanstion of the sumimt sueface of the ML Lofty
Ranges that it is an extensive lnteritised surface of
erosion, developed close 1 regional hase level in the
Late Tertigry, and subsequently opthrust along ancient
fault hues, after which 1t suffered dissection, While
canceding that the ferruginous crusts of the postulited
larerite profile might have been removed by sub-surface
soluton, the pogsible developmenr of an extensive
landsurface in relationship to local base levels in the:
uppeer reaches, one of the possibilities supgested by the
work of Kennedy (1962), was proposed, However, oo
critical evidence was presented w show that the sumimit
surface of the Mt Lofty Ranges developed in this
fashion

Alternarives o trancared larerite profilos

While carrying oul regiomal gealogscal investigations
on Yorke Peninsula. Crawford (1965) described
Plewstocene deposits, expoaed i the sea-chitfs at
Artdrossan, as montled dark red 0 olive green
argillaccous sediments - The Asdrossan Clays and
Sandrock’ of Tepper (1879). He sugpesied that the
motthing could be due 1o latentisation. with the upper
mnduraied zone having been removed by eroston and
the pallid zone vecurring sub-surface, However, [resh
tebspar gravel i the mottled material arpued against
loteritic wealhering, Consequently, an allevnitive non-
lateritic explanarion of mortling produced by alternate
weting and drying in an emvironment of low velief was
ilso suggested. Crawford (1965) obviously considered
lulerite within the framework of the standard Taterne
protile and attempled (o 0 his observations (ato it by
postulating the erosional removal of an-upper indurated
tone. He did, however, also consider an alernauye
non-lateritic explanation for his ohservations.

The validity of accounting for incomplete profiles
by erosional fruncition in andscape inlerpretation yis
questioned (Bourman er of. 1987; Bourman 1993a) by
demonstrating great lateeal varabibity in the spatial
distribution ol blegched, moted and lerricreted zones,
the develapment of which depended closely on local
micro-environments (Bourman, 19933), Presumed
remnants of talerile crusts have been shown o be Tagy
of ferruginons mottles accumualating ot the surface
during landscape downwasting (Bourman 19894) and
thus literite crusts, as such, may never have cxisted.

Double planation theory of Fenner

Fenner (1930, 1931) presented a double peneplanation
Iy pothests to account tol the evoluten of the Mt Lofty
Ranges, providing st geomorphic and  tectomie
fmovevwarrk for the use ot subseguent suthors. The
prenter part of the M1t Lofty Ranges was thought i
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haye heen stripped of an easily eroded Miocene marine
covermass. He saw the double planation theory s
necessary 1o explain reansverse draimage and exhumed
surfaces in the ranges. He postulared that o pre-
Miocene peneplain blanketed with & Miocene marine
covermass had been affected by block-faaltimg, (ilang
and differeatud uplift in the Lawe Mincene or Early
Plivcene, Subsequently, thig irregular surface was
thought to have been peneplined, resurrecting the oldet
stface jn plices and developing a new peneplaim on
both Precumbriun and Miocene rocks. Following this,
Pleismcene (Kosciuska Epoch) tectomisim renewe
erosion. Some fault Mlocks remained buried by Tertiary
sediments and others. exhumed from bencath the
covermiass, were subjected o renewed weathering and
LIOSIN,

Today it is generally agreed (hal the Mt Lofiy Ringes
swere not witdly immesrsed by the Miocene seas. 50 that
the double planution theory cannot be aecepted in s
citirety, However, lurge ircas of the Mt Lolty Ranges
and Bangaroo Island (Milnes er af, 1983) were covered
by Mibcene seas ar heights 1o excess of 200 m above
sen level and there s evidence in the Bremer, My pomnga
und Upper Hindmarsh valleys thut the shorehines were
even higher than this (Bourptan 19894). Moreover,
even though the covermass of marine deposits mdy not
hove wotdlly covered the ranges. Terfiary lerrestriad
sediments ocenr extensively and at higher levels than
do the marme sediments. Consequently, the double
plunation theory has considerahle merit but it s seill
mmadequate W account lor all of the geomorphic
camplexities of the ranges. which have boen variably
wxposed  © processes of weathering, eroson snd
sedimentation for ammense periods of time,

According to Sprigg (19435) laterite in the M1 Lolty
Runges foriied on both a Precambrian an Cambrian
hedrock undermass and o covermass o Tertiary
thuestones and lacustrine sediments. [nitally critical
ol the double peneplanation theory. Sprigy, (1945)
subsequently made the observition that the widespread
ocairrence of laterite over the Mt Lofty Rangos
presented a poleht arguiient in favour of this theory

Laolsapes witle viltiple surfaces

Lundscapes with mulliple erosional surfaces have
frequently been described in South Austealia. with the
surlaces being marked by different  weathering
responses. Sonte examples [ollow, which allustrute
varying interpretations of muolicyelic landseapes.

Bul kman, R P (1973) Geomarphic avaluiiba ol
sautheastern Fleuneu Peoipsula, M AL thesis, The
Lipverty of Adebide (unpubl ).

Arkiy, N E, (1969 The Camozone History of the Mid
Norrtof South Awsteali. M Thesis, The Hmversiy ol
Adelaithe (unpubl

Bourman (19691 19737). idenutied a multicyelic
landscape marked hy two major erovion surfices, the
Spring Mount Plalciu., developed daring the tnte from
the Mesozoic o the Focene and the Green Hills Surbuce
of Plincenc age on Fleunew Peninsula. The farmer.
underfain by a lateritic weathering profile consisiing
of pallid. mottled and [errugimous-rich zones, occurred
ar ahoot 400 m above sea level. The surface was
considered to have been tlled (o the southeast. The
second erosiongl surface 170-100 m above sea level,
was cupped in places hy ferricrete, o term used 1w
deserbe imon-cemefted rusts not underlain by duep
wenthering profiles. The Green Hills fermereted surface
was thought w have formed fram reworking of latenie
mdteridl friom the summl surkice. Using stramded river
cravels and river pofiles. Bourman (19737) supgested
thit bise level during erosion of the Green Hills Surface
in the Pliocene wis approximately 60 o1 above seu level
shen fluvial action nndified o resurrected  pro
Mincene erosion surluce,

Forrest (19694) examined the geomorphic evolution
of the Bremer Valley in the eastern ML Lofly Ranges
and weniified two erosional surfaces of low reliel
which he comsidered had formed prior o a majer
marine transgiession in the Miocend Consequently.
both the surfaces and their associated cappings of
lareritie material were inlerpreled as pre-Miocene i
age. The Miocene sea was presumed 1o have
transgressed an dred with relief similar to thal of today
and lateritisation of the bedrock wis presumoed w have
followedd the development of the Whalley Hill and
Lucernbrie erosion sarfices prior o the Miocene,
Anuther surfuce, an exhumed vne with o remnant vl
derived ferrierete, and thought o have fornned by
stripping of the Mincene limestone  cover. was
considered fu be ol Phiocene age.

In d study of landsurfuce development in [he Mid
North of South Australia, Alley (19694, 1973, 19771
identiled refnmants of i laterite surface, occurring high
in the lendscape but below resistant quartzite ndges,
Rempanws of the farerite surface were noted 1o he most
common At stream-heads but also o oecur on
promiment hitls that stand nearly 100 meabove modern
virlley floors, The luterite capping of angular quariz
{raginents set in u matrix of 1ron oxides was observed
lo overlie severely wearhered and locally kaolintic
hedrock and to be consistently thicker on lower <lopes
Sevtions of the laterile surface were LThought (o Have
been dawn-Taulied inthe Early Teriary and laler buried
by Middle Ternary sediments. A consistently lower
sileretecapped  landsorface was considered o be
younger than the laterile surface.

Ly interpretations of multieyclic landscapes and (e
recognition of the ages of difterent landsurfuces Ihere
dre inevitahly many disggreements and warkers in
South Avsrealin have not escaped these. An exuple
tollows King (1976) recognised severul of his worlld
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wide etosional surfaces w the Mt Lolty Ranges of
South Australin. He considered that south ol the
Willunga  Fuult, Clatente-encrosted  tablelands’
represented the Moarlands planation (‘great Australian
denudanon cyele’y of Late Crewceeous o middle
Cainozoic ape, whercas north of the faudt, the M Lofty
Ranges were thought to be surmounted by his Rolling,
Landsurface of Miocene age that Jacked a true aterite,
The Widespread landscape of Pliocens ape was
recogmised i broad valleys and basiy accordant with
4 Pliocene coastal plain at about 180 m nhove sea level,
and the Youngest Cycle was retated o deep valleys and
qOrges in the runges,

On the other hand, Twidale (1978) considered that
the sumt surfaces both north and south of the
Willunga Fault were contiguons and of the same early
Mesozoic age. However, areas of laterite: mapped by
Twadale (1978) north and west ol the Willunga Fault
on the kEden and Clarendon Blocks are variably covered
with weathersdd amd ferruginised Eocene to Plioceoe
sediments (Sprigg 1942, 1940; Ward 1966), In places

these have been eroded to expase an underlying.

weathered  pre Terfiary surface, eroded  and
tewedthered  suwee  exhumarion  (Sprige 1945).
Consequently. the summit surface here cannot be of
carly Mesozoic age, Furthermore, thers may he soime
support for Kiog’s generalised scheime, as weathered
zones have been stripped (rom large areas of the
summit surface north of the Willonga Fault, especially
in the castern Mi Lofty Ranges (Twidale & Fourne
197503, allowing further eroston and the potential
development of a younger surfuce, possibly exquivialeal
to King's Rolling surbace.

Age of Interite

10y very dithicull w ascribe apes to laterine materals
hecause they may have developed over long time
perinds, some uay have several possible modes of
genesis, others. are polygenetic having  been
considerably reworked and reweathered, and there are
severe limitations on daling fechnigues spplied 1o
weathered materials (Bourman 1993a). Furthermore,
there are rwely  constraining  sediments.  These
difficulties are apparent in South Ausiralia, where
laterwsation has been ascribed to periods from the
carly Mesozoic to the preseént, There have been miany
axsertions about the gpe of faterite w South Austealia,
often withoul presentation of convincing evidence.
There has also heen a tendency to prescribe a single
une of lateritisanon, when evidence of the timing has
communly been derived from limited study aneas, from
where there has often been widespread extrapolation.
The lollowing discussion of evidence presented by
different workers in South Australia highlights the preart
vurtabality (i the ages anejbuted to lateritisation

Eqrlv-Middle Tevitary

Woolneugh (1927) considered  that  lateritsation
occurted during one period, in the Miocene, and niny
subsequent workers hive generally supported the view
of a Teruary age for lateritisation (e g Prescort &
Pendleton 1952) but oot necessarily in the Miocene
Aitchison et al  (1953) reported  EHarly  Tertuary
lacustrine motted sunds, argillaceous sandstone and
clays oceurring sub-horzontally o a pre-Tertiary
erosion surface in the Adelade area, implying
Lateritisuvon i the Tervary. wnd Campapa (1955)
favoured widespread Tateritisation between the Barly
Focene and the Miocene.

Sections of a laterite surfice in the Mid North ol
South Australia were thought 1o have been down Fwlied
in the Farly Tertiory and laer buried by Middle
Tertiary sediments, s0 that Alley (1973) regarded the
Jaterite surface to be of (MEarly 10 pre Tertity age
and considered thal it perssted until the Middle
Tertigry 1n the Barossa ares.

lron-stained rounded guartz grams and ferrugmous
pellets were ceported from within a fossiliferous manne
limestone of praobable Upper Eocene ape (Bourman
& Lindsay 1973). intersected in a drill hole af 36
underlying part of the Waitpinga Creck dritinage hasin,
antd alun elevation of dbout 60 m above sea level This
aobservation  wis  interpreted  as ndicaung  the
development of faterinsation, or at least fermuginisation,
prinr o the Eocene,

Mlocene

Mauny concured with Prescott (1931) and Whitehouse
(1940) tha there had been widespread laterite formation
thrroughour Australia in the Pliogene (e.g. Stephens
1046, Crocker 1946; Northeote 1946; Rix & Hotton
1953; Johns W6La, b). Fenner (1930, 1931) also mplied
i post-Miocere or Phocene age for laierite in the Mt
Lofty Ranges.

Waorking on Fleaped Pemnsula, Crawford (1959)
identified laterite capping Wilson Hill at 320 m, around
which ari area was mapped as the lower part of 4 laerite
profile developed on Kannintoo Group metisedimen
tary rocks. The vceurrence ol arcas of hard laterite at
fower elevations (100 m above sea level), on quanzose
sediments. was interpreted s andicatmg s very
irregular original Laeritised surface of Lale Tertiary
uge. Subsequently, Bovrman (19737) demonstrared thot
thie two oecurrences were distinctive und probably of
two ditterent ages, with Miocene limestone sepuriling
the two types,

The evidence presented by Horwilz (1960) for major
lateritisation in the Pliocene is also eyuivocal, In the
intramontane Upper Hindmarsh Valley of Fleuricu
Peninsula over 150 m of cross-bedded and mottled
brown ferruginous sands, capped by o crust of limonite-
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cemented gravels, were reported. By extrapolation
these were considered to overlie fossiliferous Euarly
Miocene limestones. The sands were thus tentatively
assigned to the Pliocene, Horwitz also considered thart
these lateritised Pliocene sands were continuous with
limonite-cemented gravels on the high plateau (Fig. 9,
Thus he assigned them to the same Pliocene age. Brock
(19645, 1971) questioned the contemporaneity of the
high-level and low-level crusts and Bourman (19621,
19737) highlighted their different characiers and
suggested that the higher crust was of pre-Mincene age
und the lower one of Pliocene age.

Harris & Olliver (1964) reported on palynologicil
analysis of organic material preserved in “coal balls”
exposed in Tertiary sands in the Barossa Valley. The
basul Tertiary unit was described as a lateritic sand
and gravel overlain by laminated silty and sandy clays
and was considered to be of Early Tertiary age. The
clays were capped by an upper laterite. Previonsly the
sands had been assigned to the Eocene (Glaessner
1953) or Pliocene (Hossfeld 1949) but Harris & Olliver
(1964) suggested that the microfloras indicated a
Miocene or pussibly an Early Pliocene age for the
sediments,

Twidale (1968) concluded that the deep weathering
in the Mt Lofty Ranges oceurred late in the Tertiary
(Pliocene) and may have even conunued into the early
part of the Pleistocene. Major & Vitols (1973) suggested
thut fterruginous pisolites on the western end of
Kangaroa Island were of Late Pliocene or Early
Pleistocene age as an aeolian calcarenite (Middle
Pleistovene Bridgewater Formation) was thought to
overlie pisolites, and elsewhere blocks of ferruginous
pisolite were noted 10 overlie marine limestone of
probable Late Pliocene age.

Pleistocene

Sprigg (1946) noted similarities between mottled
zones of laterite of the Mt Lofty Ranges and mottled
Pleistocene clays of the nearby gulfl lowland and
correlated the two disparate occurrences assigning
lateritisation to a humid pluvial period in the
Pleistocene. Bauer (19599) also favoured a Pleistocene
age for lateritisation when he addressed problems
associaled with lateritic soils on Kangaroo Islund. He
noted that the Eleanor Sand, regarded by Northcote
(1946) as a Pliocene fossil lateritic soil, occurs both
on a Pliocene plain of marine abrasion at 50 m 1o 100
m above sea level (Mt Taylor Plain) and on the highest

Fig. 9 Spur-line cross section through the Spring Mount-Upper
Hindmarsh  Valley-Mount Cone area showing the
relationships of ferpereles w Tertiary limestone. Note
particularly the distribution of nodular to vermiform
ferricrete and that consisting of ferruginised sands. which
Horwitz (1960) regarded as of the same Pliocene age.
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portions of an undissected Tertiary platean suefuce ot
heights up 1o 3000 m above seq level Repardless of
whether the Elewnor Sand formed o two separale
periods or one, Baver (19597 considered that hoth
were no older than the Early Pleistocene,

Rauer (1959% also challenged the view ol Prescott
& Pendleton (1952) that laterite is an exposed podzolic
luyvisl horeon of Terhacy age, s he noted the
oceurrence  of Jaterite on presumed  Plestocene
surtiees. Several anomalowy kawnite oceurrences were
examined hy Bauer (1959%). who interpreted them o
favour in sira laterite formation although Northcote
(pers, commm. o Bauer) suggested it he ronstunes
hadl heen derived by transport and conld not have
formed i s because of the swall wmounts of
associated clays, However, Bauer (1959%) doubned this
explunution on wge and  topographi¢  grounds.
Subsequent work (Milues e al. 1983) reveaied that the
critical limestones used hy Bauer (19599) (o date the
luterites ure older than he thought. Consequently, many
ol lns objections w transported onging for the e nies
mév. be removed,

Latentsation  hay also been asceribed (o the
Pleistocene by Horwitz & Daily (1958), Crawford
(1965) and Wopfuer (1972) wha deseribed motted
Plewtocene sediments in various locitions.

Muliiple peviods of haeritisarion

A detoled Siratigraphic study by Glaessner (1953h)
and Glaessner & Wade (1958) on the western margin
of the Mt Lofty Ranges sllowed ther (o sugges! seversl
perinds of lateritiswtion. provide information on the
character and tinng of lectome activity and o eluediae
aspects of fundscape evolution. Rocks and sediments
of Precambrian, Cambrian, Pernuan and Tertiary ages
awere noted to be variably latenitised of to contany blocky
ol lkerile, However, many of the iron oxides within
these sediments atributed o Jateritisation may have
formed Simce exposurg, inrecent fimes, by oxidation
of primary iron minerals such as glauconite and
silerite.

Several groups of workers have considerexd tlrat
lureritic weathering has proceeded over lang perinds
ol time, For example, Campana & Wilson (1954)
attributed  Tateritisation to Pliocene 10 Recent
weathering, Brock (19649 from Mesoraic (o the
Farly Tertiary and Firman (1981) obscrved weathering
alfecting matenals varying i age from the Proterozoe
1) thee Pleistocene, Milnes e al, (1985) considered tha
weathering has been ongoing since the Permian.

Afler investgauony on Fleuncu Peninsala and in the
Mid Naorth, Horwite (1960, 1961y considered evidence
reluting 1o the nature and age of laterite, which
suggested two major perinds of lateritisation, in the
pre-Eocene apd  Pliocene, Boutman (IN737) also

presented evidence for two ferruginous dutieruses of
different ages, one on the summit surtace and the other
o the sunds tit overlic Miocene Himestone i the
Upper Hindmarsh Vallev Previously, Horwilez (1960))
hased regarded these cruses as connguous and of the sume
Pliocene nge Bourman (19737) also Lavoared the view
thar deep weathering proceeded ufter summit surfice
uphitt,

Ward (1966) believed that the peneplain ol (he
western: Mo Lolty Ranges s nor of the same uge
everywhere and was no younger thin the Farly
Pliocene. Relationships between soil morphologics and
degrees ol lateritisation ol malerialy were noted, as
were well-developed Tateribic mottled coney lormed
beneath surfaces attributed 1 the Lute Pliocene. Early
Pleistocene and Late Plewtocene. Ln contrast. Maud
(1972) noted scattered erosional remmints ol Literite
surviving above the level of Miocene limestones
deposited in partly exhumed glacial valleys, This
suggested  that the laente surface pre-dated  the
Mipeene, by which tme it was being destroyed.
Consequently, Maud (1972) believed that Bulting and
tltng of the luerinsed surface had ocedrred carlicr
than the Pleistocene age Tivoured by Sprigg (1942). wath
the lateritised surface antedating the major period of
disstrophism.  He equated  the surface with the
Australian Surtace of King (1962). Fusthermore, Maud
(1972) inlerpreled outcrops of Lalentic sronstone at
various levels in the landscape as relics ol episodic
Tateritisation, affecting alluvial sediments, including
reworked crusts, on former broad valley floors. He
suggested that the iropstone terrace remmants varied
i age T Phiocene for the Toghiest 1o Recent for the
lowest, These valley ironstones were deseribed as
totng parts of ypical lamecie profiles, with bleached,
though rarely kaolinised, pallid zones.

Mesozpic

Daily er el (1974) argued that evidence on Kangaroo
Tshandl enmbled dirgetand precise dating of the laeviee
developed on the uplified planate summit surface ol
the Mt Lofly Ranges. They deseribed Kangaroo fsland
05 a dissected, tilted and block-faulted phiteau with 4
caprock of laterite, in places. breached by faults.
Adjacent lowlands were noted 10 be essentially
coincident with Permian glacigene sediments tul were
ilso lateritised and overlain by basalt of Jurassic uge.

The lateritic capping of the summit platesu surface
of Kangarco [sland was described as part of o laterite
profile and they explained the lack of a complete later|le
profile in the Lare Palaeozoic sedimenls beneath the
basalt hy erosion of the ferruginous horizons prior to
hasalt extrusion. No evidence of deep weathering on
the basalt was observed during their investigations
Consequently, they ruled out the possibility of the
sarface on the basalt being an efch =irfice=
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They argued that as the basalt is of Middle Jurissic
e, hoth the Lilerite and fhe summil sugfice tist be
alder, The buwrine was regarded as an andicator ot i
hmid tropeal climuste and ay g reliable morphostran-
raphic marker. Using stratigraphic and palaeoelinatic
evidence they sugeested that the sumiit surface was
eroded and fateritised during the Late Triassic, Harly
Iurassic, or both, Support for (s conslusion wis
derived from evidence of warn, hunid conditions
pssocited with the Triassic flora of Leigh Creck. in
the Flinders Rapges, and evidence of wectonism and
uphifl of & deeply westhered kaohinised zone durmng
the Mid-Jurassic, which had led o the development
ol the Polda Busin on Eyre Peninsula and the extrusion
of the Kangaroo Island basali.

A Middle to Late Tertiary age for the laterinsed
sutluce was preferred by Northeote (1979 whn
considered that the correlation of the summt surbwe
weathering with that beneath the Jurassic basalt was
inresolved.

Schadde er al. (1976) presented pilaecmsgnetic
avidence that reguired sub-basalie weathering during
a Late Oligocene w Early Miocene period of damdnant
laeoue weathering. Wdounn & Sentor (1978) favoured
a-synchrinous Australin-wide laerite remagnetisation
over this period during a major weathering event, The
superimposition of @ Mid-Teriary weathering event
on the carlier weathering profile was accepted by Dinly
er al. (1979) but they also presented further evidence
for deep lateritic pre-Eocene weathering. . Milnes ot
al, (1982) also pomted out problems with the sub-
basaltic weathering  hypothests. including  the
preservation of o sharp basalt/weathered zone conluct,
the absence of leaching ot kaolinisarion of the basal
hasilt, und the Bict that the busalt everywhere s Larpely
unweathered.

Subsequent isolvpic dating of kaplinile (Bid 19587)
and alunite (Bird eral. 1990). collected by the presen!
author Trom the sub-hasaltie weathered zone ar
Kingseore, together with Kaulinised bedrack from the
suninift surkiee of Kangaroo [sland and Flevricu
Penmsula stgpests hat the kaolinitic weathering
beneath the basalt 1y of Early Mesozoic age, bul thal
the summil surlice kaolinite samples are of Muddle
Tertiary age. Furthermore, the alunite i1s not synch-
ronous wath the pre-Jurassic weathering but possibly
relites to the posuluted Maddle Tertiary tron
mobilisation of Schmidt er ¢f. (1976). This illustrates
the complexitiey involved 1n spme weathering matefals
and highlights potential dangers in extrapolating even
over guite short distances, and especially inter-
regiovally {(e.g. Bourne 19747 Twidale & Bourne
19754, b: Twidale er al. 1976. Twidale 1983

YRR, M. T (198E). Al oxvpen. and hydrogen -isolope stdy
af Igterites and deep weathering. Ph D1 thesis. Ausiraliin
Mationul Upiversity, Canberra (unpubl, b,

The many confheung  views on the age and
development of lateritic materiils, lurgely arse from
inveshigations in wolided locahtics and extrapalagion
from them aver sub conlinental args, These apparent
conllicls may be resolved by the applicarion of the
ongning wedthering hypothesis

Cngoing weathering

The evidence presented [or a wide variely of possible
ages for futerifisation and rewarking of ferrugimous
maferials  in southern Soulh  Australia.  runging
throughouot the Mesozoc and Cainozoie including the
present (see Frg. 2 in Bourman 1993h), prompled
Bourman (19894, 1993b) 1o propose contnial fateritjc
development interrupted by geological evenls el
ongoing teansformations ol fermeretes over fong periods
O time. There muy have been some times who
weuthering was more exueme but there 15 no relizhle
evidence ol discrete and  epispdic penods ol
latenussnon,

Laterite as a morphostratigraphic marker

Dt eeusts including farerite have been widely tsed
as  mwrphostritigraphic markeey for datog  and
correlating land surfaces, in some cases of continental
extenl, Some workers, such as Twidale (1983 regurd
duricrusts as excellent morphostratigrophic markers
and Fieman (1981) considered that orginal matenals,
now ferricreted | have separate hithostratigraphie status
and that contintous sheet ferricrete hus botk rock amd
soil stratigraphic statuy. Howeyer, there are difficultics
i using duricrusts oy morphosiratigraphic markers,
For example, they may ke loog periods of time 10
form o that any correlation would be extremely course.
Furthermore, as noted 10 the section on the ages i
lateriles, even short distance correlahon of apparently
sumilar materials can be unreliable

Horwitz  (1960) used lateritic materials in
morphostratigraphy  when he asspcuied  plazed
pisolies, pebhles and himonite pisolies watly o pre-
Tertiary surfate on Fleurieu Peninsula. slier observing
sinmlar  ferruginous  materials  elsewhere  beneath
Tertiary limestone, However, the correlation of
ferrugmous matenials. which superficially appeur
similac, may not be reliable. For example. a surface
w the lower Hindmarsh Valley. carrying alleged Early
Tertiary pisoliths could not have developed until posi-
Miocene times (Bourman (19737) as it had been
cavered by the Miocene seas. Moreover, the occurrence
of pisaliths in reworked Early Tertiary sediments 1s
ool a erineal indicator of their maximum possible age,
They may he of variable ages. or be older clusts
reincorporated intoe younger sediments. Inaddition. it
appears that some of these pre-Eocene ferrugimous
mutenials represent the trunsgressive marine Complon
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Conglomerae (Oligocene) of the Murray  Basin
(Ludbrook 1961 Lindsay & Williams 1977), and do
not relate 16 exposure in o terrestrial environment

A psctul  aud  inpovative  approach o
morphostrutipraphy wits reported by Wopfoer (1972}
who recorded wentical motiled profiles Teon the Mid
North and the South East regions of South Apstralin,
where maghemmtic motiled prohiles m Camozo
sediments were capped by brown ferruginous ind
maghinine crusts. Magheonte wis segarded s
climatic mdicator und @5 presenting opportuntics for
correlghion ol the Camozme sedunents,

Twidale and co-workers (e.g. Pwidale eral. 1976;
Twidale & Boume 19754, b: Bourne (9747 Twidale
1983) have used duncrusts extensively as morphostrt-
praphic nuekers o osouthern Australia, For eximple,
Twidale o1 al, (1976 described eightl palseosrfaces
on kEyee Peninsuln Among these was an epigens
surhice of Jow reliel (Lincoln Surface) protected by
o lateritie durigrnst and formed nnder humd teopical
climatic conditions during the caly Mesozoie, A
yvounger  suchice chataetensed by w0 lerrugihous
duricrust was ascribed m the Late Tertinry These
strhices were used gy evidenee for the progressive
exposure of inselbergs on Byre Peninsula. The Lincaln
Surlace way regarded oy g Laeote-capped dissected
peoepluia formerly contigions with summil surlices
in the Mr Lofty Ranges and on Kangaroo [sland and
disrupted by fuolting.

However, the sumrm surlace of Blue Range
described by Bourne (19744) and Twidale e al (1976)
us the most portherly oceorrence of o postulated
Mesozoic troe laterite sorface, and equivalent w0
suinnit surfaces on the Lincoln Uplands, Kingiroo
[slamd and the Mt Loy Ranges was hought o have
e continnous laterite profile beneath 1 (Bourman
19594) Near-horizontal Precambrian melasediments
are bleached and wortled but the motdes were
interpreted  as superticml stans ol dron oxles
(Boutman 19892), Tabular blocks of iron-stained dnd
worm impregnaled sandstone Litter the surfice and
superticially resemble o ernst hat they were considered
W be renmants of  flaclying stata within the
Precambrian bedrock.  Farthermore, Iringing  the
highest sections of Blue Range, are bleached

Precambrian metasediments overlain by up to 2 m of

calciaccous Dine canh, out of sympathy with @ leached
[aterine environment, and capped by o sandy grey soil
containing fragments of ferruginised sandstone bedrock
and glazed magnenc prsoliths, Thos the surface 15 a
comples [enture, much younger thin the suggesied
Mesozoic e

Pedopenic accumulalivns o iron oxides Tacking
martled and pallid zones were reported by Twidale o/
al, (1976) al lower elevanons below relics of silerew
dirierust assigned o e Middle Teytery and this were
attributed wy the Lite Terttary and correlaicd with

similur fernereles on Yorke Pensasuby amd an the
southen Mt Lofty Ranges. The Glenville Surfiwe was
also mapped 1 the area and was regaeded ax i ereh
plajo cquivalent of the laterite surfice

A sumimary of views concerning duricrists has begen
presented by Twidale (1983). Latweries and badxites
were regarded as ferpuginons and ilnminous members
of comparable origins with soilar physiogaphic and
clumatic impheations, developed on conbiguous fad
surtices and of the Same age ranges in giyen wepions,
A map ol Australin was compiled. reaffirming the
general peripheral distribution oF Esterite and an mterior
preservation of silerete inarid Austraha (e.g. Stephens
1971y, Both prosry Eaeote and silerete were regarded
as reliable stratigraphic markers, uselul in dating
Landforms and Lidscapes.

Twidale (1983) considered thin the dating of laterite,
sulerete and ey associated sutlaces has been confused
by the sssumption thal all rebe Eitenles are of the same
ge and that primary and secandary laterites have been
confused . This may have been the case i Aome areis,
but i the Mt Lolty Ranges, Brock (19649, Bonroun
(19691 wnd Forresl (1969°) clearly  distingaished
laterites formed in place and those developed by
transport. Although some workers have stiessed the
influence of geamorphic progesses affecting laterie
development durnng deep weathering (e, Alley 1973,
19771, Twidale (I983) considered that these processes
had not been given sufficieot appreciation, Twidale
(1083) alea thonght that siterete developed manly
duripg the Early and Middle Tertary, Jonning under
warm-huiid w sub-humid copditions, but is (oday
preserved o sndity, This s contrast o the views
expressed in MeGowran er al (1978)

Twidale (1983) belicved that during the Late
Mesoeoe amld Tertary nuch of Australja was base-
Tevelled and this surface of Tow rehel was deeply
weathered under bunnd. warm conditions; faterite and
bauxite formed i the marginal arexs with external
drainage,  while  silerew  developed e anterior
catchments. The formution of the doricrust was
inlerpreted ws hivang beeromterupted by geologic and
geomarphic evenls so that the duration and timing ol
events were not everywhere the same, Climaliv
conditons suttable for duticrusting were thought o
have fasted for at ledst 60 Ma and possibly for 200
M and feeruginous and sthieeous crusts were rehited
1 the same extended period of warm, humid Climate
but  were  separaled  Trom anglogons Canozo
development by tectonic rather than by clinatic events
(see also Alley 1977),

Bourinan (1993b) noted thar the relighility of dori
crusts (lerricrete) and weathered mottled and bleached
zones as morphostratigraphic markers depeads on
whether lateritisalion has been ongomg or daserele,
episodic and related 10 periods of intense tropical
weathering. Evidence of continual wealhering in
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southern Soutt Ausvealn throughout the Mesozoic and
Cavnozoie favours the former view. Even where Lateenie
muaterialy wre stratigraphically constrained there is no
evidence that they relale to humid (ropeal condilions
ur that their cessation depended on climaric change
rather than bunal by sadiments. Most conimonly, there
are no constraining sediments and  some laterihic
materials  have been  affeeted by opgoing
transformationy over long time periods,

Conelnsions

This review ol the fatene literature of southern South
Australia reveals many fundamentsl conlhyls
concermng the nature of laterile, its classification, the
processes of laterite formation. the relationships of
horizons within laterite profiles, the topographic and
chimbiv requirernems for laterite  formation, the
interpretation of lalentic landscapes. the age of Litenle
and 15 viabiluy as s marphosiratigraphic  and
palacochmatic marker.

th particular, there is considerable confusion and
Tuck of consistency aboul the nature of materials called
laterite. these varying from superficially fran-stained
sediments. without associated profile differentiation,
to ron-mottled and kaolinised hedrock forming part
al o weathering profile. Differeat types of laterie
fabricy have long been recogmsed but unril recent work
(e.g Milnes er al. 1987, Bourman er al. 1987, Bourman
1993a) there has been no recognition nor discussion
of' their significance, Resulung from these tuciors there
15 no precise definition of the term by many wotkers.
Distinctively  different materials have often been
regntded as equivalents leading (o the allocation of
spurious ages for the laterites, On the busis ol much
equivoeal evidence, the eetonic hehaviour of parts of
the M1 Lofty Runges and ages of lateritisahien have been
implied.

Muny studies have been merely comuidental o other
genlogical 1nvestigations and others have been very
broad scale geomorphic reports that have involved
mter-regional correlarions based on the vse of laterile
us morphological und palaeosol-siratigraphic markers.
Until quite recently there has been a4 dedrth of studies
involving detailed chemical. mineralogical and micio-
morphological analyses (Milnes er al, 1987, Bourinai
et al. 1987: Bourman 1993a)

There has been a shackling eftect on Tandscipe
interpretaion by the model of the normal laterite profile,
which implies the original occurrence of a complew:
profile incloding ferruginous, mottled and pallid zones
having developed by the in sitn weathering of regolith
materialy, Evidence of former lutenitizabion his beer
artnbuted to the occurrence of weathered, bleached and
motled bedrock as well as to ferruginous crusts. Thus,
often. the present distribution of laleriiic malerials on
apland areay hay been explaned by the disseetion of

formerty continuous kuerte afier disnption and uphi
by fauhung. The absence of ferruginous and/or mortled
zones has heen explained by various degrees ol
truncation of an original and complete profile, rather
thun considering differential developroent ol and
lateral vartability in. the distribution of terricretes,
muitled and bleached zones, depending on local
chvivonments of formation. Surprisingly, often cnly the
laterite cpust has been reported missing, even though
thiy 1x likely to be the most resistant part of the profile.
Where crusts are present they are all younger fhan th
unmiediaiely uiderlying maerials.

The common association of laterite developmien
with hunid, wopical conditions on peneplains clnse
Lo buse level (seu level) has jed Lo the developient of
circular arguments relating climale, lopography and
laterite and there have been implied or specified
associations of luwerine with deep weathering by mos
previots workers,  whereas  hypotheses  offering
allermative explanations to the view ol laterite begg
a fossil soil profile formed on peneplains under tropical
climatc conditions have faled W fnd  general
acceptance.

There have been suggestions of the age of fawerin
formation yarying from the Mesozoic 1o the piescal.
The views have been promulgated that laterite of greul
anliguity persists i pristine form in the comemporary
regolith énvironment and that it s an excellen
niorphostzatigraphic marker, thereby faciliating inter
regional extrapolations. This interpretation 1y utl odds
with the view thut lateritic materials are demonsirably
camplex, polygenene features. having been weathered
and modified over long penods of ume and are
notoriously difficult o date. There have also heen some
questionuble correlations of laleritic materials between
remote  locations, based on relalively superficil
ubservations such as the shape, size and colour of iron
ukide morttles.

As laterite farmation has olten been equated with
humid, tornd conditions 1t has also been used as o
palaeociimatic indicator although some workers hive
considered that current chirpanic conditiony may be
suitable [orils formation, There isa pavcity ol isolopic
and palacomagnetic dota wnd other age dating
associations, such as palynology, in demonstrating the
tming of lateritisation. Clearly there is a need for tar
more analytical work to be carried oul in the
investigation of laterite in South Ausiralis.
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